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▼The control of oxygen concentration in a microscope
slide is most often achieved by saturating the medium with
an argon– or a nitrogen–oxygen mixture under a glovebag,
and then transferring the slide to the microscope, after seal-
ing the coverslip with vacuum grease inside the glovebag.
Apart from the huge amount of gas required for each sam-
ple, this procedure is exceedingly time-consuming. An al-
ternative is to use a small sealed chamber that contains the
sample and that can be filled rapidly with the gas mixture
under the microscope. Stout and Axelrod (Ref. 1) have used
a Dvorak–Stolter perfusion chamber flushed with a solution
saturated with oxygen. When a 25 mm diameter coverslip
(the largest available size of round coverslip) is fastened on
top of this type of chamber with a tapped ring, it leaves a
clearance of only a few millimetres for the x–y movements
of a high magnification objective. Swaminathan et al. (Ref.
2) have enclosed the sample sandwiched between two cov-
erslips in an atmosphere-controlled lucite chamber that is
attached to an inverted epifluorescence microscope. In that
arrangement, the thickness of the lucite chamber wall al-
lows only the use of long working distance objectives, ex-
cluding high magnifications. A closed chamber that can
be used with immersion objectives has also been described
(Ref. 3). The top of the chamber has a tightly fitted passage
through which the objective can be focussed up and down-
wards. Simultaneously, the top of the chamber can slide
freely over the bottom, thus following the x–y movement
of the microscope stage. The gas is actively sucked out of
the chamber. Admittedly some leakage occurs around the
passageway for the objective and at the top–bottom con-
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tact. According to the authors, this can be prevented by
adjusting the suction speed somewhat above the oxygen
supply pressure, thus creating a slight vacuum inside the
chamber. Apparently, however, negative pressure can only
prevent gas leakage outwards, not entrance of air.
Here, I describe a new design for an easy-to-use gas-tight
microscope chamber, which accepts immersion objectives
and does not have sliding parts. It consists of an 80 µm
PVC membrane as the top of a Plexiglass chamber (Fig. 1).
To simplify the replacement of the slides, the membrane is
attached to the chamber with double-faced adhesive tape.
The slide, without coverslip and with the sample face-up,
rests 1.0–1.5 mm below the membrane. A drop of immer-
sion fluid (oil or glycerol) is placed on top of the mem-
brane. When the objective is moved downwards, it forces
the membrane to descend until it contacts the culture or
mounting medium (Fig. 2), which then sticks because of
surface tension even when the objective is focussed up-
wards. Thus, the membrane acts as a coverslip, not fixed
to the slide but adhering to the objective front lens with a
thin film of immersion fluid in between.
Protocol
The PVC membrane was made with sheets of transparency-
type PVC (Videosei, SEI, Milano, Italy), which have
good flexibility in the up and down movements of the
objective. The membrane was attached to the upper
border of the plexiglass chamber with double-sided ad-
hesive
The refractive index of the PVC membrane is very close
to that of glycerol (∼1.47) and thus the best opti-
cal performance was obtained with glycerol-immersion
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FIGURE 1. A dual-perspective schematic of the gas-tight temperature-controlled microscope chamber that accepts oil or glycerol-immersion objectives
for cytofluorimetry. The inlet and outlet conduits for the gas flow (3 and 11, respectively) are gas-proof polypropylene taps. The water cooler inlets (1)
and outlets (2) are fixed with epoxy resin to the holes drilled in the chamber wall and made gas-tight by silicon adhesive. The copper plate (yellow) with
rectangular window at the centre for transmitted light, is attached to the circulating water heat sink (8) with screws, which firmly clamp the interposed
two-stage Peltier unit (7). The power supply cable for the Peltier units crosses the chamber wall through a silicon-sealed hole (10). Temperature is sensed
and thermostatically controlled with a LM35CZ chip (6), the cables for which cross the chamber through a second silicon-sealed hole (4). The gas-tight
chamber consists of an 80 µm PVC membrane (red line) that is attached with double-faced adhesive tape (green) to the top of the Plexiglass chamber and
acting as a coverslip to the slide (5) below. The chamber is attached to the microscope stage by means of locking sockets (9). Specific measurements are
indicated on the figure.
objectives, which are commercially available at differ-
ent magnifications from 10× to 100×. Oil-immersion
objectives, in most cases, work almost as well. How-
ever, when the slide is chilled below room temperature
(see below), glycerol immersion is recommended, be-
cause atmospheric moisture tends to condense at the
surface of the oil and forms a foggy emulsion, which
precludes any imaging. The plexiglass bottom of the
chamber enables cells to be localized and focussed in
transmitted light. This is also possible for weakly ab-
sorbing objects, owing to the diffraction that is caused
by the low aperture angle of the light that is transmit-
ted by the condenser far below the slide.
The inlet and outlet conduits for the gas flow consisted of
gas-proof polypropylene taps (Kartell, Milano, Italy),
which were closed for some time at the beginning,
letting the gas reach equilibrium in the medium and
economizing on gas.
The chamber parts were assembled using polymethyl-
methacrylate cement (Bostik). The gas and cooler inlets
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FIGURE 2. Schematic of the slide and 95× objective arrangement of the microscope. The slide (hatched area), without coverslip and with the sample
face-up, rests 1.0–1.5 mm below the membrane (red). A drop of immersion fluid (green), either oil or glycerol, is placed on top of the membrane. When
the objective is moved downwards, it forces the membrane to descend until it contacts the culture or mounting medium (blue), which then sticks because
of surface tension.
and outlets were fixed with epoxy resin to the holes
drilled in the chamber wall. The passages of the ca-
bles were made gas-tight by applying silicon adhesive
(Bostik).
The chamber was then attached to the microscope stage by
means of locking sockets, in place of the standard mi-
croscope slide clamps (Fig. 1). Sufficient space was left
in the chamber to introduce a small vessel filled with
the culture medium and to keep the vapour tension
constant. If a variable temperature was not required,
then the height of the chamber could be reduced to a
few mm, enough for two small gas passageways.
The temperature control (−20◦C to +60◦C) of the slide
was accomplished by two two-stage 16 W 15.5 V
Peltier units [model 2SC-040-050-127-063 (Melcor)]
that heated or cooled a 3 mm copper plate, to which
the slide was attached by four small clamps. Each of
these clamps was made with 1 mm diameter screw and
a 3 mm diameter washer.
As a heat sink, for low temperature operation, a circulat-
ing water heat exchanger [model L1-101 (Melcor)] was
used. The heat sink was fixed to the bottom surface
of the chamber with epoxy cement. The copper plate
(with rectangular window at the centre for transmitted
light) was attached to the heat sink with screws, which
firmly clamped the interposed Peltier unit (Fig. 1). The
purpose of the copper plate was to improve homo-
geneity of temperature and heat conductivity between
the Peltier units. The interfaces between heat sink and
Peltier unit, with the copper plate and with the slide
were coated with heat conducting grease.
Temperature was sensed with a LM35CZ chip (National
Semiconductor Co.) and controlled by means of a
homemade electronic thermostat based on a LM324
chip (National) that was used as amplifier and volt-
age comparator. The thermostat switched a stabi-
lized power supply [model AL626/6, Alpha Elettronica,
Parma, Italy) on or off (with a precision of ±0.2◦C)
at the selected temperature. The temperature stabil-
ity and homogeneity could be improved by using a
proportional integral derivative (PID) circuit to con-
trol a power amplifier (Ref. 4) in place of an on/off
thermostat.
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